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Abstract
Objective: To describe the distribution of carotenoid intakes and important food sources of carotenoids in
the diet of a representative population of older Australians.
Design: Population-based cohort study.
Setting: Two post-code areas in the Blue Mountains, west of Sydney, Australia.
Subjects: We studied 2012 (86%) of the 2334 participants aged 55 + years attending the 5-year follow-up
of the cross-sectional Blue Mountains Eye Study (BMES), who completed a detailed semi-quantitative
food-frequency questionnaire. The intakes for five carotenoids were studied: α-carotene, β-carotene, βcryptoxanthin, lutein and zeaxanthin combined, and lycopene.
Results: The mean intake per day for each carotenoid was: α-carotene, 2675 μg; β-carotene equivalents,
7301 μg; β-cryptoxanthin, 299 μg; lutein and zeaxanthin, 914 μg; lycopene, 3741 μg; retinol, 653 μg; total
vitamin A, 1872 μg retinol equivalents. β-Carotene equivalents contribute a substantial proportion of total
vitamin A intake (65%) in this population. Women had slightly higher intakes than men for α-carotene, βcarotene equivalents, and lutein and zeaxanthin (P<0.05) . Carrots and pumpkin were the main
contributors to α-carotene and β-carotene equivalent intakes. Orange juice, oranges and papaw were the
main contributors to β-cryptoxanthin intake. Broccoli, green beans and oranges contributed substantially
to lutein and zeaxanthin intake. The main contributors to lycopene intake were tomatoes and bolognaise
sauce.
Conclusions: Vitamin A intake in this population is high relative to the Australian Recommended Dietary
Intake. Carotenoid intakes, particularly β-carotene, make a substantial contribution, particularly from fruit
and vegetables. This study provides important information as a basis for examining associations
between dietary carotenoid intake and eye disease in the BMES.
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Abstract
Objective: To describe the distribution of carotenoid intakes and important food
sources of carotenoids in the diet of a representative population of older Australians.
Design: Population-based cohort study.
Setting: Two post-code areas in the Blue Mountains, west of Sydney, Australia.
Subjects: We studied 2012 (86%) of the 2334 participants aged 55+ years attending the
5-year follow-up of the cross-sectional Blue Mountains Eye Study (BMES), who
completed a detailed semi-quantitative food-frequency questionnaire. The intakes for
five carotenoids were studied: a-carotene, b-carotene, b-cryptoxanthin, lutein and
zeaxanthin combined, and lycopene.
Results: The mean intake per day for each carotenoid was: a-carotene, 2675 mg; bcarotene equivalents, 7301 mg; b-cryptoxanthin, 299 mg; lutein and zeaxanthin,
914 mg; lycopene, 3741 mg; retinol, 653 mg; total vitamin A, 1872 mg retinol
equivalents. b-Carotene equivalents contribute a substantial proportion of total
vitamin A intake (65%) in this population. Women had slightly higher intakes than
men for a-carotene, b-carotene equivalents, and lutein and zeaxanthin ðP , 0:05Þ.
Carrots and pumpkin were the main contributors to a-carotene and b-carotene
equivalent intakes. Orange juice, oranges and papaw were the main contributors to
b-cryptoxanthin intake. Broccoli, green beans and oranges contributed substantially
to lutein and zeaxanthin intake. The main contributors to lycopene intake were
tomatoes and bolognaise sauce.
Conclusions: Vitamin A intake in this population is high relative to the Australian
Recommended Dietary Intake. Carotenoid intakes, particularly b-carotene, make a
substantial contribution, particularly from fruit and vegetables. This study provides
important information as a basis for examining associations between dietary
carotenoid intake and eye disease in the BMES.

Carotenoids are widely distributed in nature and
contribute to the colour in plants and their fruits1.
There are over 600 carotenoids known to exist. The
predominant carotenoids in human plasma are bcarotene, lycopene, lutein, zeaxanthin, b-cryptoxanthin
and a-carotene2.
Carotenoids are best known for their role as a
precursor to retinol, or vitamin A. b-Carotene is the most
important pro-vitamin A carotenoid1. Carotenoids may
also be protective against oxidative stress and some
forms of chronic disease3. The singlet-oxygen-quenching
ability of b-carotene was first described by Foote,
identifying b-carotene as a catalyst that deactivates the
potentially harmful singlet oxygen4. Since then, other
carotenoids have been identified with this antioxidant
property3,5.
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The extent to which dietary carotenoid intake is
associated with chronic disease in humans is still
unclear. The current state of research into carotenoids
is not yet sufficiently strong to support any recommendations for dietary carotenoid intake, as indicated in the
Report by the Panel on Dietary Antioxidants and Related
Compounds6.
Some recent studies have assessed associations between
carotenoid intake and disease risk in older populations.
The Beaver Dam Eye Study (USA) investigated the
relationship between diet and supplementary antioxidant
nutrient intake and the incidence of nuclear cataract in an
older population. The study found that persons with
intakes in the highest quintile for lutein 10 years before
baseline were half as likely to have an incident cataract as
persons in the lowest quintile of intake (rate ratio (RR) 0.5,
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95% confidence interval (CI) 0.3–0.8) . Two studies
investigated the association between dietary carotenoid
intake and the incidence of cataract extraction in men and
women. These reports suggested that lutein and zeaxanthin may decrease the risk of cataract requiring surgery (RR
(95% CI) women 0.78 (0.63–0.95), men 0.81 (0.65–
1.01))8,9. Another study in an older population found that
lutein-containing foods may reduce the risk of developing
colon cancer10. Two other studies showed that certain
dietary carotenoids could reduce risk of ischaemic stroke
and oesophageal cancer11,12.
Most food composition tables do not provide individual
carotenoid values for foods. The studies mentioned have
used a carotenoid database developed by the United States
Department of Agriculture (USDA) to analyse the
carotenoid intakes in their study populations. This
database includes carotenoid values from fruits, vegetables and multicomponent foods containing fruits and
vegetables for a-carotene, b-carotene, b-cryptoxanthin,
lutein and zeaxanthin combined, and lycopene13,14.
There have been no large population-based reports of
carotenoid intake in older Australians. The Blue Mountains
Eye Study (BMES) provided the opportunity to conduct a
secondary analysis on the dietary data to assess carotenoid
intakes. We aimed in this study to describe the distribution
and important food sources of dietary carotenoid intake in
a representative population of older Australians. A further
aim was to compare these findings with other published
data using similar methods of dietary data collection and
analysis7 – 9,15.
Methods
Study population
The Blue Mountains Eye Study (BMES) is a populationbased cohort study of vision and common eye diseases
among free-living older residents, living within two postcode areas of the Blue Mountains region, west of Sydney.
The population is representative of the state of New South
Wales for income and socio-economic status16. This
project was approved by the Western Sydney Area
Human Research Ethics Committee and written, informed
consent was obtained from all participants.
The BMES population was examined during the period
1992 –4, and included 3654 residents aged 49 years or older.
All participants were invited to attend 5-year follow-up
examinations (BMES2) during 1997 –9. BMES2 included
2334 participants aged 55 years or older, with a 75.0%
response, after excluding deaths during the intervening
period. The BMES2 dataset was used in this study, of whom
2136 participants (92% of those examined) completed
detailed food-frequency questionnaires (FFQs).
Collection of dietary data
Dietary intakes were measured in the BMES2 study
population by a self-administered, semi-quantitative FFQ

modified for Australian diet and vernacular from an earlier
FFQ of Willett et al.17. A nine-category frequency scale was
used to indicate usual frequency of consumption for 145
food items during the past year. The FFQ was produced in
large print for easier reading by older, potentially visually
impaired participants and took around 45 minutes to
complete18.
The FFQ was validated against three 4-day weighed
food records, collected over one year to account for
seasonal variation, in a randomly selected sub-sample of
the BMES cohort ðn ¼ 79Þ18. The FFQ was found to show
moderate agreement for antioxidant vitamins, yielding
correlation coefficients between 0.3 and 0.6 (b-carotene
r ¼ 0:46)18. Retinol showed less agreement ðr ¼ 0:29Þ.
This poor agreement for retinol appeared to be due in part
to the overestimation of the frequency and quantity of
meat consumed as measured by the FFQ18.
FFQ data were checked for outliers and data-entry
errors using methods described previously14. Subjects
with between 13 and 25 missing items were checked for
data-entry errors and corrected when identified. FFQs
were excluded when more than 12 FFQ items remained
blank ðn ¼ 101Þ. Subjects with calculated daily energy
intakes ,2500 kJ day21 or .18 000 kJ day21 were
excluded from analyses ðn ¼ 17Þ. The distribution for
each nutrient was checked and values in the upper and
lower 2% of values were also checked. FFQs with
implausible dietary intakes for retinol ðn ¼ 2Þ and
carotenoids ðn ¼ 4Þ were excluded, leaving 2012 cleaned
FFQs (86% of those examined).
Dietary intakes were analysed using a purpose-built
software package, which combined the Australian Food
Composition Database (NUTTAB95)19 and the USDA –NCI
Carotenoid Food Composition Database13, modified to
include foods itemised in the FFQ and NUTTAB95. The
USDA Carotenoid Food Composition Database includes
values for five carotenoids in 120 separate food items
including fruits and vegetables and multicomponent foods
containing fruits and vegetables13. Lutein and zeaxanthin
values are reported together in the USDA database. This is
because separation of lutein and zeaxanthin in food
analysis techniques is difficult14.
The b-carotene values were analysed using both the
NUTTAB95 and USDA databases. NUTTAB95, which
reports b-carotene equivalents, is more comprehensive
for Australian foods. Strict b-carotene values, for
comparison with other studies using the USDA database,
were calculated from the b-carotene equivalent values,
using the following formula:
mg b-carotene equivalents
¼ mg b-carotene 1 mg a-carotene=2
1 mg b-cryptoxanthin=2:
Retinol and retinol equivalent (RE) values were also

2675 (1805)
7301 (4351)
299 (306)
914 (534)
3741 (3280)
653 (634)
1872 (982)
2535 (1869)
6874 (4516)
286 (301)
858 (520)
3588 (2845)
696 (676)
1844 (1024)
2723 (2037)
7361 (4883)
315 (321)
871 (511)
3314 (2584)
682 (637)
1910 (1036)
2937 (1781)
7947 (4308)
330 (336)
968 (562)
3506 (3082)
618 (601)
1945 (973)
2616 (1703)
7276 (4058)
286 (277)
941 (516)
4212 (3605)
623 (596)
1839 (922)
a-Carotene
b-Carotene equivalents
b-Cryptoxanthin
Lutein+zeaxanthin
Lycopene
Retinol
Retinol equivalents

2779 (1750)
7616 (4198)
308 (309)
955 (540)
3854 (3367)
620 (598)
1893 (949)

2328 (1644)
6340 (4015)
254 (275)
844 (531)
3889 (3082)
712 (717)
1770 (1008)

Mean (SD)
Mean (SD)
Mean (SD)
Mean (SD)
Carotenoid (mg day21)

Mean (SD)

Mean (SD)

Statistical analysis
Analyses were conducted using the statistical package
SPSS (version 7.5)20. Carotenoid intake distributions in
age- and sex-stratified analyses were obtained. Student’s ttest and one-way analysis of variance (ANOVA) were used
to determine differences in carotenoid intake between
women and men and for age categories; P-values of ,0.05
were considered significant. Four age categories were
used initially (,65, 65 – 74, 75 – 84, .84) and, subsequently, subjects were split into two broader age
categories based on the median age (,69, $69).
Individual food items were ranked according to contribution (per capita) to carotenoid intake for both men and
women.

$69 years ðn ¼ 448Þ

Mean (SD)
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analysed using data from NUTTAB95. Retinol equivalents
were calculated by NUTTAB95, using the equation:

,69 years ðn ¼ 408Þ
Total women ðn ¼ 1156Þ
$69 years ðn ¼ 586Þ
,69 years ðn ¼ 570Þ

Women

Table 1 Carotenoid intakes in the Blue Mountains Eye Study population presented as mean (standard deviation) by age and gender

Men

Total men ðn ¼ 856Þ

Total persons
ðn ¼ 2012Þ

Intake of carotenoids in older Australians

mg retinol equivalents ðmg REÞ
¼ mg retinol 1 b-carotene equivalents=6:

Results
Table 1 presents mean intakes of carotenoids for women
and men by age categories. For the carotenoids a-carotene
ðP ¼ 0:003Þ; b-carotene equivalents, lutein and zeaxanthin
(each P , 0:001), women had slightly higher intakes than
men. Men had a slightly higher intake for retinol ðP ¼
0:008Þ than women. There were no significant differences
for total vitamin A ðP ¼ 0:270Þ; b-cryptoxanthin ðP ¼
0:107Þ and lycopene ðP ¼ 0:061Þ between women and
men.
Women aged $69 years had slightly higher intakes for
a-carotene ðP ¼ 0:002Þ; b-carotene equivalents ðP ¼
0:007Þ and b-cryptoxanthin ðP ¼ 0:017Þ; when compared
with younger participants. Women aged ,69 years had
slightly higher intakes of lycopene ðP , 0:001Þ than those
in the older category. Men aged $69 years had slightly
higher intakes for a-carotene ðP ¼ 0:002Þ; b-carotene
equivalents ðP ¼ 0:001Þ; b-cryptoxanthin ðP ¼ 0:002Þ and
total vitamin A ðP ¼ 0:046Þ than those in the younger age
category. Men aged ,69 years had slightly higher intakes
of lycopene ðP ¼ 0:003Þ than older participants. Trends
were similar for total persons between the age groups.
The mean intake for total vitamin A (RE) in this
population was 1872 mg RE day 21 (range 119 –
6963 mg RE day21). The Australian Recommended Dietary
Intake (RDI)21 for total vitamin A is 750 mg RE day21. Table
1 shows that, for both women and men, mean intakes
were well above this recommended level. A small
percentage (7.8%) of the population had intakes below
the RDI. The mean intake of b-carotene equivalents was
7301 mg day21. This represents 65% of the total vitamin A
intake for the population.
Table 2 presents data from comparable populationbased studies. The mean intakes for b-carotene in the

1341
1387

858
766

955
867

172
166

286
189

308
205

3854
3337

–
3595
–
74

3588
3240

6581
5672

–
4757
–
99

–
9875

2516
–
62
–

–
8697

Lutein
& zeaxanthin
b-Cryptoxanthin

6073
5638
* Calculated from b-carotene equivalents as described.

Mean (mg)
Median (mg)
Women

2535
2287
Mean (mg)
Median (mg)
Women

FFQ
n ¼ 2012; 856 men,
1156 women, 55+ years
BMES2

Men

FFQ
Men & women, n ¼ 2410;
30+ years
Carotenoids & colon cancer, 2000
(Slattery et al.10)

BMES population were similar to intakes reported from the
Health Professionals Study8and a colon cancer study10 but
higher than intakes reported from the Nurses Health
Study9 and the study by Forman15. Mean or median
intakes for a-carotene and b-cryptoxanthin were higher,
while lutein, zeaxanthin and lycopene intakes were lower
in the BMES population than reported from most other
studies.
Figures 1–6 present the important food sources of each
carotenoid and for total vitamin A intake. Carrots and
pumpkin were the most important food sources of acarotene and b-carotene for this population (Figs 1 and 2).
Important food sources of b-cryptoxanthin were fruits, in
particular orange juice, oranges and papaw (Fig. 3). Green
vegetables such as broccoli, green beans, Brussels sprouts
and oranges (fresh and juice) were important contributors
to lutein and zeaxanthin (Fig. 4). The most important
sources of lycopene (Fig. 5) in this population were
tomatoes and tomato products.
Figure 6 shows that carrots, being rich in b-carotene,
were the most important source of total vitamin A intake,
followed by liver, a rich source of retinol.

2779
2470

5464
4874

6001
5998
1174
1236
Mean (mg)
Mean (mg)

FFQ
Men, n ¼ 840;
45+ years
Health Professionals Study,
1999 (Brown et al.8)

Men

–
4885
–
859
Mean (mg)
Median (mg)

FFQ
Women, n ¼ 1471;
45+ years
Nurses Health Study, 1999
(Chasan-Taber et al.9)

Men

–
4154
–
632
Mean (mg)
Median (mg)

Mean (mg)
Median (mg)
Men
FFQ
Men, n ¼ 57;
23– 32 years
Two diet assessments of
carotenoid intakes, 1993 (Forman et al.15)

Women

3882
–

Fig. 1 The main contributors to mean intakes of a-carotene
(mg day21) in women and men

840
–

b-Carotene*
a-Carotene
Assessment
method
Study population
Source

Table 2 Comparison of carotenoid intakes in the Blue Mountains Eye Study population with other population-based dietary studies

3879
–

F Manzi et al.
Lycopene
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Fig. 2 The main contributors to mean intakes of b-carotene
(mg day21) in women and men
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Fig. 3 The main contributors to mean intakes of b-cryptoxanthin
(mg day21) in women and men
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Fig. 5 The main contributors to mean intakes of lycopene
(mg day21) in women and men

The average daily intake for total vitamin A among the
BMES sample was substantially greater than the current
RDI in this older Australian population. b-Carotene
equivalents were the major contributor (65%) to total
vitamin A intake, and were thus the most important source
of vitamin A in this population. Intakes of b-carotene
equivalents in the BMES were substantially higher than
those reported in the Australian National Nutrition Survey
for men and women aged 65 years and older (men
3918 mg day21, women 3494 mg day21)22.
There are no current RDIs for carotenoids. Thus the
adequacy of intakes of particular carotenoids in this
study cannot be assessed. Yet, comparison of our results
with those of other studies provides a gauge of how our
population ranks with respect to intakes of selected
carotenoids.
Our findings of higher intakes of a-carotene, bcarotene and b-cryptoxanthin than other published
studies, and the substantially high vitamin A intakes
reported here, may be due to an overestimation of

carotenoid and retinol intakes by our FFQ. It is known
that the FFQ instrument tends to overestimate nutrient
consumption of individuals. Overestimation will tend to
be greater with a large number of items included, as in
our questionnaire23. Some studies have found that
intakes estimated from FFQs were significantly higher
than those from weighed records for nutrients derived
primarily from fruits and vegetables24,25. Our FFQ
included 145 items comprising a long list of fruits and
vegetables. However, the fact that some of the measured
carotenoid intakes were lower in our population than in
other published studies suggests that at least some of the
differences were likely due to real differences in food
consumption between populations, for example possibly
lower consumption of spinach and tomatoes in our
population, but higher consumption of pumpkin.
The food composition database used to derive our
estimates of carotenoid intakes is the most comprehensive
carotenoid database available. Yet for some carotenoids,
such as lutein and zeaxanthin, food composition data are
limited. For some foods, values for all five carotenoids
were not available, so our results might have underestimated carotenoid intakes because of incomplete food
composition data. Furthermore, not all of the items on our

Fig. 4 The main contributors to mean intakes of lutein and
zeaxanthin (mg day21) in women and men

Fig. 6 The main contributors to mean intakes of total vitamin A
(mg RE day21) in women and men
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FFQ could be exactly matched with one of the 120 items in
the USDA carotenoid database. For example, our
questionnaire lists cooked, mashed or baked pumpkin,
and silverbeet, and the closest matches on the USDA
database were canned pumpkin, and spinach. Differences
such as these in food preparation, food varieties and
possible food colouring added to US canned products may
limit the accuracy of our estimates for the Australian food
supply and our population, in particular.
An analysis of the foods consumed by the Blue
Mountains Eye Study population does provide further
information about the important sources of carotenoids in
older populations. Some foods that are rich sources of
carotenoids provide a high contribution to the mean
intake, but are only consumed by a small proportion of the
population. For example, carrot juice was a high
contributor to the mean intakes of b-carotene, a-carotene
and total vitamin A, but is only consumed by 23% of
women and 17% of men.
The findings of this study provide a basis for conducting
further analysis of relationships between particular
carotenoids and eye diseases, including age-related
macular degeneration and cataract, in an older Australian
population. It also confirms that the most important
sources of these nutrients are fruits and vegetables. The
investigation of important sources of carotenoids in the
diet of this older population may prove beneficial as a
basis for public health interventions aimed at increasing
intakes of certain carotenoids, should they be confirmed
as protective for eye diseases and other chronic diseases.
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